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‘A central issue in orga.m.zatlona.l and ma.na.gement information systems '
(MIS) desn.gn concerns the choice of an opt:.ma.l information structure for

a given organiza.tn.on. ’_l‘he economic theory of teams as developed by

- -

_ Ma.rscha.k and Radner (37 provn.des a nomative framework based on expected

» ut:.lity theory, for detennlnn.ng an organization's optimal mforma.t:n.on v’

'structure. BriefILv, team theory is an /nxuensn.on of indlvidual decision
heory to the multi-person s:.tuatlon where there exists a complete
sha,rlng of goals and bel:.ei‘s among team members , and the mutual’ ob,]ect:.ve
is to maximize the tean's expectel utility based on the sepa.raw"e actionus
of each member.l The jpresent study 1nvest1gated descr:.ptlve versus
nom'a.tlve choices of organlzatn.onal 1nformetion structures fbr loan
 activities in a financial ,:mst:.tut:.on via a n}echa.m.sm known as Reports

of ilxceptions o

Reports of Exceptions®’

- An orga.n:.zation s infonna.tion structure is defined as be:.ng or not

being completely centralized or decentralized when all 1ts members respect-_

ively have or do not have the same information with which to take.individ~

ual a.ct:t.ons. To illustrate the centra.liza.tion versus decentra.l:.za.tlon

distinction, suppose, for example, ’tha,t there are n organization members »

and that each member observes something unique about the enviromment and
then takes some act\ion in his respons:.b:.l:.ty domain. If there is no

’ commun:ica.tion among the members, then ea.ch membe'r's information structure

is different and he acts solely on what he alone observes (i.e., the

organizational infomation structure is totally decentralized). ~On the

~
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other hehd, if the’re,‘is complete communic&tion:' a,x__rxofhg‘;x;_xem'b‘ers , then every-

, '_ohe act’g ::cs.n ,_.th,e same‘infomation'(i.ei., the orga.nj.z_a.pional infomatiori
o Atz’-upﬁm{e is compietely centralized). The ltter information could, for
example, be generated by all members conmunica.ti'ng‘tﬁeifobserirationsb to a
. -:centra.l agericy, wﬁich ccexputes the best'actioﬁe and ‘communlice.tes them back
to the cdrfesponding meﬁbere as instrpctions to be implemented 3: 187]«
S (Com;;;ete ini%oma.tidna.l centralization could, of cpurse,_ be a.cﬁie_ved in

s
other ways, e. g~., if all members observed the same info%na.tiono o

In a real orga.m.za.t;on, rarely- does one encoupter t?me extremes of no
comunicat:..on or complete communication just described ’ Rather, one finds
. that numerous devices are uged to bnng abou*b a parb1a1 exchange of 1nfor-
: ma.'bion. One particularly efficient a.nd of'ten used devu.ce o:t‘ this kind is
suggesf;ed, by the. phrase f?management by exceﬂtior_l." Suppose s for exmnple s .

that the possible values of member i's observation are par'bitioned by some °

criterion or decision ‘rule into subsets lmbeled exceptional and ordinary.
Ass{x_ne further,that, whenever member i's observation 1s ordinary, he pages .
his action upon that observation, whereas whenever his ebs‘eriration'is |
exceptional he reports it to a central agency, or manager, who ‘then decides
the :jo:.nt values of the dec:.sion variables of all i members who have, N
reporbed exceptional observations, on the ba.sis of all those exceptional _
obn‘ezva.t:;.ons (and possibly other information as well), That is, addi'bion-

: Y,
al infomation is brought to bear speciflcauy Apon those action vamables :

L tha.t are associeted wi'bh unusual obaerVa.tions. fThe :I.nfozmation thus

generated might be called Reports of Exceptions (or more accurately, if
somewhat colloquielly, "paa.sing the buck('). Such instruments are ubiqui-

tous in contemporary orga.niza.f.ion,s and are often used in meking loan
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decisic:;ns s ca.pital budgéfing' d.eéisions , 'goﬁermental dec’isj'.ons s ta.cti-cal
m:.li'ba.ry dec:.sions, production 1nformation system design decls:.ons, ete. e 5
) "For example, 1‘t is often used. ‘a8 a mecha.n:&n whez;eby :.ndiv:.duals lower :m} ry
the orga.n:.za.ti?n hiera.rchy, who hé.ve 1im1ted. exper:.ence and information, S i
handle the mundane or ord:.na.ry situations, but report except:.ona.l (extra~
ordinary) Situa.tiéns vto 'individuals higher in the organization hierafrcﬁy' |
for their action. Team theory prov:.des a bas:.s :t‘or developnent of a '

vprescr:.ptlve dec:.si.on rule Lor detemin:.ng the opt:.mal partltion:.ng of a

4

merber' s observ'atlons into ordinary and exceptional va.lues

vhen ore;am.zation members' interests are congruent r3 206-2171.
- Bcope of Resea.rch . ) .

ﬂ_ . ©° The aimof ‘thlS paper i8 to report the 'results of & prelimina.ry expex-
| iment. igh‘lch was conducted to provide a basis for unders.tanding how Reports
of Exceptions criteria aré 'established; While t.hé study c"oul;d have been |
A - B peri‘&nﬁed ‘r;y actual obgervationand. Wis .in a real 'orgwi%ation s~ 1ab~ \
oratory experimentation was .chbsen,, as a;n‘_initiai step, for purposes of

v

control, . L | ' e .
M In the paper, subjectively determined criteria for reporting excep-
tions involving loan actiyi’cieg in a financial institution were compared to
“hose prescribed by a team theoretic model in an effort to- discover if . - .
a.n., systemotic di:ﬁ'ferer‘xcizs‘ existed between such descriptive and normati\'re s
determinations. BSpecifically, the study. abtempted to (1) examine subject' 8
sensit:w:.ty o severa.l value and risk variables (v:.z, scrutiny costs,
- profit rates, , prior probabili'bies, and error probabilities) which bear
e : on estefbl:.shing & criterion for reporbing ‘exceptional loans and (2) observe v

the subjects' propensities to overcentralize or overdecentralize :m'forma.- "

= tion structwres based on the- delection of such Reports of Ibicep‘ﬁiona eriteria.:

)
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~ Although there has been considerable thecretiéal discussion of 1he
problem of optimal organizational infbimation'structures, principa. in
* the economics 1iterature (e.g., rh]), there has been only one such plib- -

llshed emp1r1ca1 study r2] and none concernlng Reports of Exceptions.

Method
-
Subjects

Subjects were lOO‘advanced graduate sfudents enrolled in thé mester's
prsgram in 1ndustr1al admlnlstratlon at Purdue Uhlverslty. All partici-
pated on a voluntary bakis. |
EEéEa

Subjects &ésuméd the role of yicé'president in chargé of installmeht
lendinélfor a consumer finance company ﬁhicﬁ was compoéed Qf & headquarters
and several_branchés. Prospective borrowers applied for loans at the
branches, If the loan did not exceed a criticéi size, the applicatién was
scrutinized by the branch manager, and the loan was either grﬁnted or
refused by him, ’Applicationa for 1arger loans were to be transmitted to

\

neadquarters and, after serutiny undertaken there, the loans were granted

or refused, The ta sk of the vice president (the "organiger," or "metaaeczder')

was {0 establich the optimol value of the eritical loan size, * (i.e.,
which partitioned loans into ordinary and exceptional, to be processed
% the branches and headquarters respectively), vhich maximized the firm's

expected profit (the assumed "conmon® goal of the branches and headquarters).

The lower (hlgner) the critieal losn size establmnhed, the more .central-

ized (decentralized) the information structure, since more (less) loans

would be pasced up to headquarters.

The critical loen size decision hinged on four relevant value .and risk

6
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variagbies anown $6 the subjecss and whose par*«'”'n ters were provided: (1) the
' dii‘i'erence in scru‘biny costs at hea.dquarters versus a branch, Ac = ¢ - c‘b’
‘ (2) the :L:J&ehhmd that eny appl:.ca_nt would. be a "good" cu.;tomer, iced,
would repay the 10an, w; (3) the difi‘erence in the 1ikelihood of &n error
nade at a ‘branch versus headquarters, Ap = Py~ Ph’ -and (ll) the percent

prof:d. (r'vwa of return) earned on & good lom as & propor’bn,on of 1oan size Y.

To s:.mpl:.fy the expemmental problan, the following assunptn.ons were
medc with regard to these varisbles and commnicated to the subjects: (1)

Wvery loan a:pplied for was either "bad" or "good." If bad, it would not

~ be repaid and would not bring any inﬁerest. If good it would be repaid -
and tho bank would earn a prof:i.t equal to a known D oportlon of the loan
size. (2) The scrutiny costs at headquarters and a branch were known
and independent of loan size. The cost at headquarters was greater than

o brarch (i.e. s c} cb) (3) The probability that a 1oari wés gbod

wias 1.1&ependent of its size, and was knom. (k) The likelihood that a

" vranch. manager refused a loan when ‘the 1oan was good dad not depend on

- loan size; it was the sawe as the liliellhood tha’s he grented a loan vhen

the loan was bad. (5) A covresponding a»smnpt:.on wag true of the error

| s:robablllt:.es at headquarters, where these errors were less then those

at the brenches (i.e., Py, 'pb)' (6) o cost Vas assumed for commmicete

ing lomn rcuunsts to headquarters.

An optimal d.eC].S‘.LOn rule for this problem and more reallstlc exten-

sions are derived in the Appendix.

Design
‘ 'i‘he parameters of each of the four variables é,f‘Pecting the. eritical

1c>an szze decision were varied at two levels-~one high and one low, result-

mg in & 2x2x2x2- latm square design with m.x-been different problems and

”




solutions, Subjects were randomly assignedto one' of five groups. - Groups

1 to L consisted of: 85 subjects who were constrained by a $l5 000 upper loan
j.imrb (I'max) s while group 5 consisted of 15 control subjects Who rece:.Ved |
identlcal 1nstruction8 but no lpan limit. An upper loan limit was 1mposed

on most sub:jects beca.use, in ‘»pra‘.ctice, 1ega.1 restrictions and/or company
policy.usu.am require one. Each of the subjects was presented with four
pmblems‘ (subJects ina given group received the same four problems), 7
randamly ordered, encounterlng each level of each factor in dlfferent com~
binations. Randomlzatlon of the Srder of pmablem presentatlon plus other
proccdures inherent in the experimmt made each problem esnentia.l_’ly inde- o
pendent of the others, as was verified by sub;]ects after the experiment.

Subjects Were not told whether an optimal decision rule could be derived. -
P . J‘ ¢ : . - . o '

Two days prior to the experiment, a.il.Ji subjects reccived some general
information about the tack, incl ing how; the four situational variables
qualitatively affected the critical loan size decision, L*. In a.’ddiﬁicn,
subjects were given some experience in making such decisions on several
problen situations similar to that encountered in 'Ehé experiment, with
foediack on - the relotive size ronkings of I¥, in lieu of ectual .L.% values.

This was done o make.subjects exper;!.cnced deciaion makers and uininiz-

N
o

e:q;ern.mental leerning effects.
| Subjects made thelr decisions and completed a posf-experimental ‘question-

naire concerning thelr strategles in one e‘ighty-minute session without time

" aifficulty. ALl sﬁ‘b;}'ec‘as appesred highly motivated throughout the entire
. : ’ y . ) ! .
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e:q_.ve"r‘iment and were very interested in obtain.ry feedback regarding the
. eXxperan 3 ) . . ! ' . ‘
results, which was promised as a condition of perticipation. "Examingtion .
s . _

of subjects’ s’tra.tegies indicated that the stated assumptions of the problem

»  gituation were followed and that the value and risk yéria.bles used in the
normative wmodel were used by the subjects in establishing critical loan o

sirze decisions.

Results

Actual Versus Optimal Ioan Sizes

Subjects™ mean (ig’)' and fredian z:esponaés relative to I.*,‘ as well as
the standard deviation and skewness of the response di.sstri‘butions are
summarized in Table 1 for all 20 treatment combinations. Both standard
deviation and skewness of the cells were féported be’nﬁuse of hetero-
schedasticity and asymmetry of the distributions, The following obser-

vetions were made from the summary data of Table l:3

1. While the optfimal solutions renged from $540 to.412,120, the
', - rénge of actual mean ($2,353 to $10,745) and median responses
($941 to $10,600) was smaller. '

2. 1In 18/20 cells the mean and median responses were greater then
the corresponding optimal critical loan values. In the ‘two
cases where the reverse was true, the optimal critical loan
sizes were the two largest ($9,160 and $12,120),

< 3. 'The cell variances increased monotonically with increasing mean
crit&cal loan size decisions. The coefficient of variation P
(s/Iy) however, remained constant over all cells (verified using
the t-statistic to test differences among the mean coefficients
by partitioning the 16 cells into two groups - low and high).

4, Using Pearson's second coefficient of skewness lG: . 917, 18/20
cells were found to be positively skewed, while the two remaining
cells were negatively ckewed, :

-
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L Insert Table 1 about here,
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Effects of m, Ap, AC,T .

© Sensitivity of subjects' decisions to T, Ap, Ac, and r was examined by
means of analysis of variance (ANOVA) using three performance measures:

(1) the subject's actual decision; (2) the difference betweén his actual

. and optimal decision (an.error measure); and (3) the difference between
 his actual &nd optima; decision divided by thecSptimal decision (a rela-
. tive error measure), .Beca.use ~£§f ’tiue heterogeneity of the variances ar{d
skewness of the cell distributions, ANOVA was performed using both the .
actual'performanée measures as well as their monotonic transfopnations
’(.aquare-roo'b and logaritl"mic) s 397-4}_021. A8 the untra.nsfox?ed and | o .
transformed re;u]:tn wer? ‘very gimilar, for the sake of int‘exlpretability
and expdsition;' only the uptz:a.nsfomed results a;'e"re'po'r'bed unless signif-
_icant differences occurredbetween the two sets of results. .o o

Actual subjects' decisions: IZ. Analysis of %he actual decisions

~ yielded main effects for all four treatment variables, but no significant
inte.racﬁions: | (Ap:. F1,32h = 26,37, p « .0001; Ac: ~Fl,32h = 25,28,
P <« oOOOl' r: Fl’sau 2.5¢22, P« .03; i F:l. 32u = 3¢53,P'< \)6)
Hencej: a:u. four of these varisbles influenced the sub,jects' decisions, the

S

effects were in the ‘proper.direction (e.g., ags Ap decreased, L increased), .

, and the magnitude of the effects as measured by the F-statistic was iso-
" morphic with those prescribed by the optimal decision rule (i.e., the mag- .
nitude of the effect due to Ap S Ac > m s r for both the actual and optimal

results), . Thuc subjecto' responses were properly sensitive in megnitude

4

»




- 30 -
end direction to the importance of these variables on the decision. N

Difference between actual and optimal decision (error), Analysis of -

.

the untra.nsformed errors revealed & main effect for Ap (Fy ,324 © 5.11,

P <.023) and two :mtera.ctlona, L1 Ac (Fl 3211 = 3.7, P < .05) and 4p - Ac
I Ny

(FJ:,321+ =,5.53, p < .018). Am - Ap - Ac interaction, although not signifi-

ca.n_t (Fj,,jgl; = 2,6, p < JA1) ‘is also ;‘epgrted since this was sigﬁifica.nt
for the sqaare-root and :l.or=F data transformations. For the"‘ma.i‘n Ap effect,
the error when Ap was hlgh and low was $3,032 and $1,7 52 respectively., . .
That is, as the error probability dlfferencc in scrutlm.zing loans at the
branch versus headquarters (Ap) decreased, the difference between the
actual and optimal critical losn sizes (£ - 1) also decreased.

Post hoc analysis of the inte;:actions using <che Newman-Keuls pro- ‘
cedure "9] revealed onc, cell signi f:i.cantly dii‘ferent Lrom all the others
(which were not significantly different) in each of.‘ the three cases |
(Figure l_). For the nw - Ac #eraction, the high m, high Ac condition
yielded the. smallest mesn error (=$1140); for Ithe_Ap - Ac interaction, the
low Ap,.:hig_h Ac condition yielded the smallect ,medn. error (;35703) s and for
the ™ - Ap - Ac céﬁdition the high m, low Ap, high pc condition yielded the
lovest mean error (=$-756). Each of these conditions resulted in the
h:mgheat optimal loan gizes, thus indicating that subdectc were mogt
accurate ern the optn.mal crltica.l loan cizes were high (Figure 1 and
Table 1), -

Insert Figure 1 about here.

&
4 .
G xS o 1k G 1 s 2ep D 8 4y G Gl B B D el Ay G0 P Bt e S D o

[

/




‘V‘lZ, ﬂhi’.ﬁplo’ and Ach:i)"

. .
3-)- . . N
Vd . .

. . 9
. .

Relative- difference between actual and ovtimal decisions (relamive

verror) For the relatlve errors the.ANOVA showed main effects for -,

Ap, and. fe, (Fy 3 32h = 7. 33, p <..008; F;  © h2.b3, p = .000; F

,32 L 32h"

=-23, 17, p = .000 respectlvely), three two-way interaction effects for w

\“ = AP Ap - Ac, and W~ r (Fl 32‘% 3 90’ P 05 F 1’32h = l"'go, o) < -03;

/Fl 32h = 3.30, p < .07'respect1vely),-and,a three-way interaction for

- Ac - (F1 32h = §.75, p < .03), For the main effects, jilﬂ: T T 1.20,.

Mo & 24103 2) Ap: Apﬁi - 2, 73, I\pl = .57, 3) AC: AC 85, ACy, = 2.45,

hi

In each case, the relative error was least for each of the main effect

conditions which were associated with. a .high optimel criticai loan size

- s

The interaction effects are depicted in Figure 2. In each of the
interactions smaller relative errors corresponded to larger optimal loan
sizes, and viee versa.
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Insert Migure 2 About Here'
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Propencity to. Ovorcentralizg V””Ghs Ovcracﬂentru¢x ¢

Drrior to the cxpondmont it vag po tulated that the meern eritienl loon
cize responoes on the 16 decision situations (vi&, the cell meon I,) in
Teble 1 would be less than that of the eptimol solutmons;,i.e., the mean
errors (Igf I*) would be negative, and reasonably indepgndent of I¥. This °
hypothesis wos based on the premise that people have a genersl tendency to

overcentralize partly dﬁe to their general aversion for risk. Instead, however,
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‘_ the mea.n errors (med.ia.n errors also) were pos:.t:.ve for sma.ll L 's (1nd1cat:1.ng

S ﬂinfomat:.onal overdeoentra.l:.zat:.on), d.ecrea.sed. m.th 1ncrea.sing L ’ a.nd. went
' !

’ nega.tn.ve for la,rge L W s (md:.ca.tmg inf‘oma:bional overcentra.lization) !l'h:.s |

is. shown 'by the da:ba :Ln Flgure 3 a.nd. was verif‘:.ed by t—tests compar:.ng Iin
""".A,__to ]:. on eachl of‘ the 16° oells._ Note that for 'low L 's the pos:_t:.ve errors

',~’;‘ .

fv"“: were grea.ter tha.n were the nega.tn.ve errors for thé h:.gh L s. A s:m:.lar
""‘~pa;btern was observed us:.ng a.s a mea.sure, the proport:.on of‘ sub.]ects'

- responses w:.th pos:.tn.ve errors (I‘. '-,I. ) Fur.themore, ou‘b of a:L’l. responses
1n the experment- J#OO) ,Nonly 1 re:t‘lec‘bed. a completely centraln.zed 1nf‘or— : T
. '3:_:111_-.::A.‘;_ma.tion structure (L 5 $O), wh:l.le 27 1ndica.ted. a comple'bely d.ecentra.l:.zed

S _:_';,ff'"mfomauon struc%ure (L = $15 000 a.nd ® f‘or&he lJ.m:Lted and unhmited,

groups respectlvely),ia.lbelt ‘hhe expern.mental cond.ltlons resulted in L 's. ' o
‘bhat were predom:.na'bly on. 'bhe low s:.,de of the sea.le (Table l) L £

: r

‘ * -Insévz*t'FiguzjéG- about;here. '

N --n_'——.'---—-J-——---‘-_‘_-‘--—_----_-’---—-_‘

In sum, (l) SUbjec’bs made critn.cal J.oa.n size aeo:.sn.ons w’m.ch WOuld have
resulted in :Less ‘excepta.ons be:.ng repor‘bed to headqua.r'bers tha.n should haVe

been when T was small (overdecentraln,zatlon) (2) this . propens:.ty 'boWard

IG\

overdecentraliza’olon decrea.sed as I# mcreased. and (3) when L* was hn.gh ' - s

subaec‘cs ma&e cr:.tical 1oan s:.ze decisions wh:.ch Would, ha.ve resul'bed m more

Dy

‘ exoep‘c:.ons 'being reported. tha.n should. haN'e been (overdecentral:.zatlon), M:re- o

' over, the 'ben&ency 'bo overdecen'braln.ze :E'or 1ow I¥' s was g‘rea’cer than the s '_ S

pn

tendency to oVercen‘cralize for hn.gh L*' S.
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" From an orgam.za.t:x.ona]f“ perspect:.ve the ma.gor ,flnd:.ng of th:.s study _

was the subaect's propens:.ty to overdecentral:.ze mfoma.t:.on (i e,, have e

feweruexcep‘bions reported to headquarters than presented by the'> opt:.mal "

solut:.o?‘i) for small cr:.t:.ca.l loa.n s:.ze/s R and. overcentral:.ze in:f‘onna.t:.on :

% o e
(1 e., ha.ve more exceptions reported to hea.d.quarters 'l:han prescr:.bed by

the opt:.mal solut:.on) for 1arge criﬁncal loan s:.zes._ '

‘‘‘‘‘‘

"/

Ratlonale “ o -
How might the above behavio:r be explamed? 'l‘wo pOSS.a,'ble ,ﬂ aﬂ.though not
k necessarily mtually ech,us:.ve N explanat:.ons semed. most plaus:.ble. One | b. -
k”“was art:.fa.ctual and relatcd to possible scaling offects due to the loan size o

J.zma.ts H ‘the other to subjects' ‘preference .or utn.llty i‘unct:.ons, which appeared
-4 v '.
- b0 prov:.de/the underlylng basis for subjectst statements 1n the post-expera.~ .
| menta.l mt,er\rlews‘, o

- Scaling efi‘ects';‘ i'If“s'ca'.lingv effects (1. e., due to the iiniits pla.ced V‘ _
: "on loan .sﬁ.ze) Were respons:.ble for the results there wou.‘l.d ha.ve been |

| (i) cons:.dera.ble d:.fferences between the unl:.m:.ted a.nd lm‘ited group

. ‘results, (2) the standard dev:.at:.ons of subjects' ~:Loan~ smze response dis-b
tributlons (I. ) would ha.ve been ma.ximwn at the cen‘ter of the sca.le (i.e.,

| for mediwm loa.n siZes) and m:m:mum a.t the ex%remes, (i.e., fgr low and }

v :h:Lgh 1oa.n smzes), and (3) skewness Would have been correspon,dlngly posn.tive s |
'v".syumetric, and nega.t:LVe a.t/the low, med:.mn, qa.nd. h:.gh 1oan s:.zes s reSpect-
:wely As 1t turned out, there was l:.ttle fd.ifference betWeen the l:.m:i.ted
= -5'5'jand unlim:.ted groups (a,lthough the. unlm:.teg( group s means Were somewha.t

. greater due to some extreme res;pons'es, and)t‘i;e, magm;uues of the Qsta.ndard '

~ l‘

o
A




:devn,a.tmn a.nd skewness were alsa greater), the sta.ndard dev:La.t:.ons mono-

'_.'honically 1ncrea.sed w:.th loan sn.ze, a.nd. skewness wa.s pos:Lt:.ve in practica.lly

‘ ]_Véells (certa.in,ly it all the extremes)-.:' Hence 2 scahng as measured by

these var:.a.bles appea.red. to ha.ve J,:.ttle effect (of course, a.n a.pprec:.able
sca.le effect Would presuma.bly occur at the extremw a.s shown by the exbra.- l
| pola.taons in F:.gure 3) However, the consta.ncy of s/L for ’both 11m1ted
| a.nd. unllm:.ted. groups 1nd1ca.tes tha.t the a.bove results ma.y 1n part be ,‘

,. attmbuta.ble to a. psychophys:.ca.l phenomenon known as Weber 8 18w I'8'] .

As a fur'bher check on the valicllty o:f ‘bhe da.ta., the proport:.on of s
sub,]ecf‘ responda.ng a.‘bove a.nd. below $7500 (*hhe midd.'l.e of the sca.le) was -
a,]_so exam:.ned to detemine if responses about this level were rand.om o
| Two th:.rds of sub,jects' responses as compa.red to seven-e;._ghths of the optimal
. responses Were less than $7500. ~ The results thus further support the pre- o

' kus flnd_j_ngs rega.rdlng subjects’ over-decentra.l:.zatlon/centra.lizat:.on |
tendencies:a.s well as rei‘lecting an aggregate procllv:i.ty toWa.rd. decentra.l—
’.‘1za.'bz.on.._ R B S f' -
The cha.nge 1n sub,Jects' a.ctua.l responses rela.tlve to optlmal responSes
“ from one dec:Ls:.on to the next (a dynamic measure) wa.s also :.nvest:.ga.ted
R Interestn.ngly, the results showecl (for both 11m1‘bed. and unl:.mited groups)
a. marked tendency for subaects to over-react to small optmal decis:.on
' : cha.nges (i e., the magmtude of ‘the a.ctua.l response cha.nge was grea.ter
than the opt:una.l response change) and to under-rea.ct to la.rge opt:u.ma.l v
decn.slon changes. '.['his was 1ndependent‘of ord.er and. starting condit:.ons, and. ,
Seems to be related in some sense \to the "conservatlsm" phenomenon often

:ﬁ‘ound in Ba,yesian probability revision experiments where subaeets typica.lly

over-:r:ea.ct to smal:l. probab:.lit'y changes a.nd under—z“ea.ct to 1a.rge probability




"'5ﬁanges elatle to *ayeﬂ' theorém {see, e. g5 [51 ené references.

: clted shereln) As thc results were sunilar for ooth the llmited and

: to the

,.
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unlimited groups response bl&S attributed to a tendency for the 1ndividual

to ‘avoid extreme values on the scale was not considered to be an unportant

factor. In sum, any artifactual effects on the results due to scale

’ were apparently minor. o

B

w

| Utillny functions. Thc rak\onale for Subgects responses, as ihdicated

during the post experlmental 1nterv1eWs, was attributed at least in

' «part )bo theirlconcern about the absolute and relative (i. e., w1th respect

imum loan allowable) loan amounts capablé‘of belng handled at

bra ches.. Mbst subgects, ‘for example, felt that loan sizes from $O -

O Were sufficiently small for the branches to cope w1th Hence,

' there was' a propen51ty fbr subjects to adgust their initial decisions up-

- vard toward more decentralization. _Affecting this factor was the relative

" loan size. If it was small, then it too motivated‘an'adjustment towards

further decentralization. If'the'initial loah size decision was,large

relatlve to the maximum, then the opposite phenomenon occurred That ig,

there was & tendency to adjust the initial d801510n dOanard toward more:

‘ centralization ("headqnarters must have something to do!"), acting to»'

offset the general tendency toward decentralization based on the absolute
loan size per se. This mmy explain why overestimates for low L 's were,
greater‘than the underestimates-for high L-'s.

| Thﬁs; eyen'thoughbsubjects:were’told to maximize expected profit,,ff;;j
they did not appear to act or even attempt to act precisely‘in this manner,
but ingtead: nnpl;q;tly used some other type of utility fUnction. Suppose

'Subaects\employed either a strictly concave (misk averse) or strictly

16
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. -convex (risk seeking) utility function;. then (for simpliciﬁy, assume the

'-.sub;jects were optima.l d.ec:.s:.on makers ) the function in Figure 3 muld be

below (overcentra.llzed reg:.on) or above: (over-decen‘oraﬁzed region) the

h5 Yine respect:.vely. This can be ea.s:.ly seen by subst:.tutlng u(Ac) for

A and. u(r) for r in equa.tlon (3) a.ncl choosing a utility. scale such tha.t,' B
o »-when the uti]_j_tles are 1inea.r W:Lth respect to. these attnbutes s u(Ac)

and u(r) : '.I.‘hen, e. g.,,.u(Ac) < Ac and u(r) > r for the r:.sk averse.

ca.se and V1ce versa for the msk, seekmg case. A risk averse util:.ty

:t‘unct:.on on the a.ttribubes Ac, r (and possibly other attr:.butes as well)

'_ 'would. ’Ghus drlve L* down, wh:lle a risk seeklng utillty functlon would drive

L* up..5 Inasr ruch as both overdecentra.liza.'bion and overcentraliza.tion occurred,

. _'this would then seem to :.ni‘er the.t the sub,ject' s util:.‘cy funct:.on was doubly
' inflected (S-shaped) ; i.e., marg:.nally incrcasing for small and modera.te size '
-~ loams a.nd ma.:cg:.na.l]y decreas:mg for 1a.rge loans. This corresponds to the

Well Jknown Friedms.n-Savage utlli'by' model [.'L], which appears to prov:.de the

underlying rationale for sub;jects' s'ba.ted undue willingness t6 "gamble" onh .
sma:l_‘l. loans (let ‘the branches handle’ 1t- the "rn.sks" are smalll) , and undus

un:gill;’.ngness (although less so) %o "gamble" on large loans. ‘This«also

' corresponds to what one would expect :.n the_..rea..'!. world. On the one hand a

manager may be overly reluctant to concexn himse;li‘ﬁith the "trifline;,

routine" decisions (measured in terms of smallness) and thue may seek every

opporbunity to reduce this workload to :t‘ree himself for the "higger" decisions

(while at the same ‘oime recognizing the merits of delegating decision ma.lung :

: authorn.ty to his subordina.i:es) On the other hand he may be duite reticent

to let h:.s subordina,tes make the larger, "more important" decisions (the

"risks" are too high) a8 success now becomes & more inportant criterion to

(X




him. = Moreover, peer and subordinate pressure may compel him to act in a -

~

way to. suggest that he has not overly relleved h:.mself of his decision making

responsiblhuies. S 3 E e,

‘l’he ‘interpreta;tign of the results is also consistent with the find-
ings of Swalm 77, In experimentally deriving the utility functions of *

managers he discovered that the size of the :anestment involved~xelative
e

to the mana.e'er s customa.ry budget expendn.'bu.res had a s:.gm.f:.ca.nt effect

on the eva.lua.t:.on of proposed :anestments. Relatlvely large 1nvestments

A ¢

faced harsher scrutlny a.nd. were requ:.redto po.;sess better prosPec’cs than

- . smaller outlays,. :|.nd1ca.t1ng tha.t s:u.ze of expenditure played a sn.gmf:.cant

~

role in determ:.ning the fate of the proposa.l. Swalm a.lso discovered

FERN

ev:.dence that the managers were cognizant that such an eva.luat:.on procedure

was contra.ry to the best interest of shareholders. '

The sta.ndard dev:.a.t:.on ‘and. skewness profiles can also be given a

e e @

utilif'y interpreta.tion. “Recall that the standard deviation of the” response
distributions increased monotpﬁ“ically with j;ncrea.siﬁg loan size. This-

Sugg;es{:s that individuals' wtilities (i.e., portions of their utility

functions) were Presumably more similar for the small loan sizes', but

became increasingly dispafa.té for larger loans (i.é., inter-individual

-attitudes toward risk diverged as the decision became increasingly impor-

=3

(S

tant), The positive skewness of the distributions infers that sub;jecte'

risk attitudes were more extreme on the risk seeking side of the mean

(a.nd med:.a.n) than on the ‘risk averse side,

L4

e
»

A Model of Overéceﬁtrb,lizat{on/necentraliiation

A model that prec,:a.ctw the phenomena obgerved in this study and viich is

commensurate with a Fcrledxne.n-savage ut:.l:.ty function reuembles 8 damped




sine wave whose functional feia is approximated by - .

RAREE ae"nxsinv bx "'
~ where y is the mean actual dec:.s:.on,vx is the optimal d.ec:.a:.on, and a, b,
'a.nd. n are- gene}zal i‘tmci;:.onal parameters (Figure 3). Although ‘this model
is ra.ther sPeculat:.ve and certa:.nly not. explanatory, ir 11: were shown to
__be generallzable, it could serve tyo uSei‘:i 'purposes. It could be used

: deScm,ptn.vely to predlct the expected degree of overdeccntrahzamon or
jovercentnra.hza.t:a.on that would eventuate for a gn.ven set of cond.n.tlons

- {i.e., knowing x, ‘solve for ym) Oz, it could be used preScriptively-

to determme the optima.l dec:si&x based on the mdiv:.duaLSAshoa.ee \.m...,'
. . g
' ‘knomngy, findx) o

“Tmplications and Ftrture Regesrch

Y

SubJects used. in th:i.s study were not high leve:l. manager the task, .
foo, wes a smpln,i‘med abstractm*x of readity. Therefore one nay a.rgue Eha.t
the results cannot be-genemlized to actual"managerial decisn,on meking
‘behavior. HovIevei', the s'u'b:jeci;s were graduate industrial menagement s‘cuden'bs, »
many with congiderable bus:.ness a.nd ma.nagern.al experlence. Moreover, the
/beham.ors observed appeared plaus:fble and, ba.sed on conversations with several

-

vank 'e:f,ecutlves, characteristic of whait may occur in practice,
Obviously more rigorous and extensive stud.ien‘needbto be perfomed, -
both in the laboratory and the field, before any generality is claimed.for
the re:w."lts and the moglel. "Some q_,uestioﬂs which need answering are; (1) ‘How
genez‘aiizable is the i‘:iedman-Savagé u%ility function as a i'epresentation of -
‘individual ﬁreferencea in Reports of Exceptions decisions? (2) How are such
éeci;sions affected by adding further task réalibm,_sﬁeh ag-(a) commmicgbion
costs, (b) asymetric ervor probabilities,(c) permitting a ;ﬁop?mon of eny

. oy
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_ defulted loan to be “paid, (d) including the pc.;ha.b.;.l.,‘ty of loss of custemers -
on 1oa.ns that are delayed as o re.:ult of be:.ng processed. at headquarbers y
(e) aJ_'l.owing the prmr probabihty of an a.ppl:.can't repaying & loan to be
some .ﬁmctn.on of loan size, etc? (3) How is beha.va.or affected by ottier loa.n
smze ranges, (’h) role differences (i e., dec:i.sn.onu made” or recommended by a
bra.nch mana.ger as opposed to the vit:e presn.dent) s (5) other deca.sion contexts
(e &e s in productlon, ma.rketmg) , (6) o‘bher ways of cond.uc‘hmg the exper-—
imental tash (e.g., determmm.ng Reports of Except.non crmeria implicitly a.t :

~ the pon.nt where each investmen‘b decision’ (e.g«, 1oan a.ppllcat:.on) is made.

L ——in-the h;,era.rchy)’ S ' ) B

| " . Especmlly useful would be to investigate such quest:.ons by studylng

actual decision mekers (either past or pre::ent dec:.sions) in a real MIS

* ——

oet'bu.n?; e ' , '

I . ’ » ) ) <
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Appendix. TheModel o
" 1;.et r = praf:.t as a proport:.on oﬂ the 1oa.n s:Lze o ’\'
., “’h’t‘,:‘b scrutiny costs at headquarters and the branches resPect:Lvely,
g . where cb - Cpr T S : | .5".
‘n‘ - x the proba.biln.ty that a loan is good. - |
Pyl = ‘the conditionsl probability that the branch mansger or ‘head- |
| qua.rters respect:.vely refuses & loan when the 1oan 1s good.
(I'ype I error), 1t is the seme as the conditional probabllity

L that the branch manager or headquarters reSpect:.ve:ly grants a

.

\ ' ' ; loan when the loa.n ln bad ('J.‘ype II eryar) H where Pb =Py L w

L o= the. loan sn.ze‘ it 18 a cont:.nous rando:n va.r:.able with an unknown - ’

' nmhabi iity denaityMonJﬂn;M@oaﬁiw-v&lueLeyerywhere .
., £(x) = value of probability density function (pdf) of the J.oan size L at x.
| N = expected number of applicants éa.ssumed to be :Lnd.ependent of loan size).
'.Dhe total expected profit (:I.‘EP) is then the sum of all the re‘Venue{ii and. Y

A L
_ costs at the ’oranch and headquarters R and is computed as follows- o

o Lo : ‘ ' A branch_ . At head.quarters :
. Expected revenue v ’Nﬂ(l-?b)r ‘fgxf(‘x)dx v Nn(l-ph)r[ xf(x)d.x
from good loangﬁ__ | B
Expected loss from N(1-m)p, [f(x)ax 1"¢(1-rr)ph|';:«:f(x)dic
bad “loax‘s: » . . ' : —" p - .
L ' e ;
Expected cost of - Ncb'rof(?c)dx: . Ne, L'f(x)dx
Bcrutiny‘- , .
TEP = I\Irﬁ(l-pb)r (l-ﬂ)pb] erf(x)d.x . !'n(l-ph)r - (l-n)ph'] xf(x)dx
+ (ch-cb)Jﬂf(x)dx-ch} | - vv N

(recall rI"’(:c)dx * f f(.c)d.x l = Ff(x)dx =1~ J‘Lf(x)d.x
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8uch tha.‘b » o o
L | L=1 32 | L=L . |

where I is either the legdl loan. limit or that estahlished by compeny’

policy. Then, since O 2L 2 Ly opbimal L = min Mmax fo0, I‘*}’ 1.

Taking the Tirst derivative of ‘(1) with respect to I and satisfyifg the

conditions of (2) yields the following:decision rule for I

T 5 e ‘ |
= - = >0 - .
b= ey TR IRy 20 6

‘ngce optinia.l L = min max {0, L*}, L 1 = min ¥, Ihéx] since I.* > 0;
slways. If we g'sgmithaih*é L _, then optimal I = L .._Note that neither

' the value of the upper loan Limit nor the fom of the pdf affects (3). The

direction in which the optimal value of the critical loan size (L') is in-
I ) " “—\' . ) ) .
fluenced by Ac, Ap, r, end m can easily be detemined by observing (3) .

d.:.rectly, or by partially Mfferentlatlng (3) with respect to each of these

_ *
va.m.a.blu.s (i.e., oL ’ -a;'- 33— a.nd; . If the derivative function is > 0
oy JAC™ BAP ar aﬂ . )

then L' incrcases iy the variable differentisted by; if.< 0, it decreases.

Hence, L¥ increases in Ac and m a.nd decreases in Ap and r.

Equatiqm (3) can alternate]y 'be der:.ved via a margn.na.l or ’orade..off |

| ‘analysis. Nate that the cost of- scrutzny at headquarters is $Ac greater

JA

. than at 4 branch. Since 1 - m customers default , and the Type I and II errors

at the branches are Ap greé,ter than at headqua;éhers, & branch will lose; on
any g:fven logn,  *

Ao (L - ML+ rI.'J

where sp(l -m) is the Joint probability of 1endm;3 to a bad cuetomero Apﬁ is

22
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t.he :join'b pro'bablhty o no‘o 1end1ng to a good cu»‘bc'ac.r, rL, being ‘the proflt

made on a good 1oa.n. Equating the two costs a.nd solving for L yv.elds equation
'(3). Such an analysis is more nea.rly like the kind managers would perform. \ :
In fact 10% of the subjects did conceptual:.Ze the pro'blem and deve],op ‘the’

: op‘bimal decision rule in this manner.

Extensions o

The model for';?deterimining thé optimal, loan sj.ze in this experiment,
;;‘..:g.l“b‘hough a smplificatién' of reality, could be made more re:';lis'tic. For
'iﬁ%tmce, écﬁué.i error 'ﬁrcbabilities may not be symmetrical, vin vhich case
’the op‘bimal solution would be |

I‘ APB{:L"“) + APG o . L (u)

where pp, 18 the proba'bil:.ty of a Type I error and ApG is the pmbability
of.a Type II e}frror, Another va.r:.a.'ble s the factor rate on defaulted loans N
(wh’éré the pro‘portioxi of detaulted loans, V, ié repaid) could alto be included,
cha.néing the d.ecis:i.on mﬁé to _ I | .

L*. APB(l-n)(I-VT+ APGT . ' ' (5).
In addition, & loss of customers who have requested a 1oa.n above the optmal

loan size may result due to “the increa.sed time it would take to process the
‘:Loan app:!.ica.tion at headquartera rather than at a branch. The model can &lso =~

incorporate this factor, expa.nd:l.ng the deciaion rule to

¥ o Ae  S(r(Lem) (1-V)EM)p(r > T¥) | e
N el - L

where 1A is the average size of the loan sent %o headquarters , p(I>L*) is the

-~

' pmbability that the loan is greater than Lr , and S 58 the number of peopls. .
Who will go to another bank ii‘ the decision is d.elayed. at hee.d.qunrbers. A

further complication woulld be to let m = #(L) rather then be & constant (1.0 |

T is not 1nde_pendent of the loan size but m:lght be, for example, a quadratic

23




o func'blon of loan size such that o . o '
N - ) R . o » .o : Y '_ : -

j,_nnk(L-L)-»nP

C P : . &
* . . ]

','where k is Bome constant, I°. is the 1loan size correslaonding to a nominal LT
m(=m0). T‘nis i‘unctlon could be subgtituted for m, and the resulting cuba.c

equation solved for L- ). mhe model might i\lrther be extend.ed to 1nclude
B mu:l:hiple criteria. ‘ o

* . . .
* .
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Footnotes

. .
”

While a complete sharing of goals and beliefs may seem overly \

‘restrictive for most real organizations, it can often provide & reason-

able first approximation and can serve as & baceline Tor °'buﬂylng

deci,sion making behavior in real organizé.t.ions »&5 well as prov:.ding»

-2 solid economic basis for MIS thinking [23. .

-’

‘ 1cant1y gréater than those for the comparaole limited group (#. )5

The problem is credited to J. Marschak. g

w

fI’he mean cr:da.ca.l lcan sizes for thetualimis eu group (#5), wa;:'; ci'gnif- o

e
.

("l bl & bf 6, pe .03), however, the medians were not aignlﬁcaqtly

dmfi‘eren‘c as verified by the med.z.an test . The

»

_ utandard deviatmn e.nd skewnes., for l:Lke cells were also grcater than

. those of the l:m.u.tcd gré}zp», as expected.. ALl tnese dj.t‘fer(,nce., were
atiribated to thé several éxl:reme. responses excceding the $15,000
ma.x:.mum loan ”‘limita (for the $5k0, $2300, $2hl.;0, and $12 ,iao cells ‘there

were respectively 0, 3, 2, and 6 recponses outside the {15,000 limit
in %he unlimited gro'up, totailing‘llféo re:;ponoes). ‘

e ‘indmm vere i‘urthe;. supported in .,uuuequen‘t’. »epidiensions and im

additional experimenuo,men o obtain more éla'ba points ot the high

welative I¥ Jevels. -~ - &

A fomal proof of this, using on cxp@nentiall. utility functior for morey,

ha:’: ‘been cuggested by John Lathrop, University of Michigan, Department

!

‘oi‘ Elecﬁmcal zmd. Gcmputer ngs neering, in personal correcpondence with

bhe aui,.mm . ;
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Figure Captions

Fig. 1. .-Inte'r'actions’ with error as the dependent varisble. (Va.lues

in the boxes are the mean optimal loan smes for the SpGleled. pa.rameter

%

e conditions. Values on the i'igure having the saxne 1etter are not 51gnif— -

1ca.nt1y different from each other ).
Fig. 2. v Interactions w:l.th rela.tive error as the depend.ent variable.

(Ve.lues in the boxes a.re the mean opt:unal loan 81zes for “the specified -

pa.rameter cond.itions. Va.lues on the figure hav:mg the same letter are not ‘

: sigm:f.‘:n.cantly different from ea.ch other.)

-

Pig. 3.' Actual versus optima:l. 1oan size decisions. (Ea.ch data point
is the mean value of an experimental condition from Teble 1 for gnoups With
“an upper loan Limit - (.19 to 23 sub;jects per grou;p) Note the skewness of

K

the res;ponse distributions. The extra.polat:.ons were determmed on the

‘ baszs tha.t if the problan pa.rameters (rr, 85 Ac, r) were made mcreasingly

o exbreme driving I#* e:rbher toward $o or $15,ooo and beyond (1f there were

no minimm and mximnn 1oan gize limits), eventually all subaects would
- select the 1imiting I¥* values.).




